ALTHOUGH most people are aware of the association between smoking and heart disease, cigarette smoking is still the most preventable cause of death.
The prevalence of cigarette smoking among adults decreased from 40% in 1965 to 29% in 1987 in the USA. 1) However, the incidence of cigarette smoking in Turkey is still very high in males (59.4%) and females (18.9%). 2) Cigarette smoking is one of the known major risk factors of coronary artery disease and chronic smoking may cause postoperative alveolar collapse because of damage to the ciliary epithelium 3) ; however, the cessation of smoking results in significant improvement in small airway function. 4) Coronary artery bypass graft surgery (CABG) adversely affects pulmonary function tests (PFTs) and arterial blood gas determinations. 5, 6) Changes in pulmonary functions for various reasons and/or pulmonary complications may occur following upper abdominal and thoracic surgery. Studies on this subject point out that the complication incidence is generally related to factors such as age, obesity, smoking, abnormalities seen in pulmonary functions, parenchymal deterioration in the lungs, duration, type of surgical process and incision site, mechanical changes occurring in the thorax during the operation, and the effects of anesthesia. 7, 8) Several previous studies have addressed these changes, and a few have measured the effects of smoking on blood gas and pulmonary complications immediately after CABG. Therefore, the purpose of the present study was to assess early changes in lung volumes and arterial blood gas tensions following CABG in smokers and to identify how smoking might influence these changes by comparing smokers with nonsmokers. 
PATIENTS AND METHODS
A totally of 219 consecutive patients undergoing elective coronary artery bypass surgery were included in this prospective controlled investigation conducted at the Cardiovascular Surgery Department of the Cardiology Institute at Istanbul University. Detailed respiratory, cardiovascular, and smoking histories were elicited. Emergency patients and those who underwent a valve operation in addition to CABG operation were not included in the study. During spirometry, severe angina developed in 6 patients, who were hence excluded from the study. Therefore, the investigation was performed on the remaining 213 patients. One hundred and seventeen patients were current smokers (19 females, 98 males, mean age, 59.0±6.1 years, group 1) and 96 nonsmokers (40 females, 56 males, mean age, 59.6±5.8 years, group 2) served as the control group.
The majority of nonsmokers had quit smoking at least 20 years before surgery and those patients who stopped smoking for 20 years or more, were accepted as nonsmokers because past-smokers with at least 1 year of smoking cessation, regardless of the number of years smoked in the past, have a bronchial reactivity level within the range of complete nonsmokers. 9) Before anaesthesia, a cannula was inserted into the left radial artery and a blood-gas sample was withdrawn from the radial artery catheter. A Radiometer ABL-300 blood gas analyzer was used for the measurements. Blood gas analysis was undertaken just before induction of anesthesia and on the day after extubation. All patients underwent general anaesthesia with fentanyl (7-8 µg/kg), etomidate (0.2 mg/kg), and pancuronium (0.1 mg/kg). After intubation, controlled ventilation with a tidal volume of 12-14 mL/kg and 50% O 2 /N 2 O was administered by a ventilator (Servo 900-D). The inspiration air was humidified and an inspiratory bacterial filter was used. A median sternotomy approach was used in each case and extracorporeal circulation was instituted during each procedure. During the operation, systemic antibiotic prophylaxis, decompression of the left ventricle, and loading excessive fluid were avoided. The patients in both groups were extubated as soon as possible (after achieving predetermined extubation criteria).
Criteria for the extubation were: 1) resolution of the disease state or condition, 2) hemodynamic stability, 3) adequate oxygenation status on a decreased FiO 2 and decreased PEEP/CPAP; and 4) adequate ventilatory status and PaCO 2 .
The PFT measurements were obtained by spirometry (Lameris Vitalograph Spirometer) and the preliminary values were calculated according to Kamburoff and Woitowitz. 10) All spirometric tests both preoperatively and postoperatively (discharge day) were performed with the patient standing with nose-clip occlusion, which is in accordance with the standard techniques in the literature.
11) The patients were asked to complete an expiration with a maximum effort following a deep and forced inspiration. The measurements were repeated at least three times and the best value was recorded. The respiration parameters which were evaluated and compared on the preand postoperative days were: vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in one second (FEV 1 ), the flow velocity of the midforced expiration (25-75%) (FMF), forced expiratory flow (FEF), the flow time of the mid forced expiration (FMFT), the ratio of measured VC to predicted FVC (mVC/pFVC (%)), and the forced expiration ratio (FEV 1 /FVC).
The respiratory problem was evaluated as obstructive when the FEV 1 /FVC ratio was lower than 75%, and as restrictive when the mVC/p FVC ratio was lower than 75%. The percent values of the preoperative PFTs according to the predicted values were calculated and the values for the two groups were compared.
During the evaluation, the preoperative values for blood gas and the pulmonary function tests were compared with the results obtained for the postoperative tests for each group. The pre-and postoperative values for the two groups were also compared. Because male gender was more prevalent in the smoker group, also the variables were simply compared only in male subjects in each group in order to exclude the possibility that the observed differences in various parameters between smokers and nonsmokers were due to gender. Also, we investigated if there was a relationship between the number of daily cigarettes and postoperative pulmonary complications (only in male subjects).
An observer unaware of the preoperative histories of the patients assessed all of the patients throughout the intraoperative and postoperative periods for pulmonary complications. The pulmonary complications were determined based on a daily physical examination, clinical follow-up, chest radiograms (which were scored for pleural effusion and/or atelectasis; as 0=no atelectasis, 4=lobar collapse) and biochemical laboratory findings, and all were recorded. Chest infection was diagnosed by the presence of any four of the following features; fever, cough, purulent sputum, chest signs, leucocytosis, and radiographic change. If purulent sputum was present, only one other criterion was required (Table I) .
A cardiopulmonary rehabilitation programme was routinely undertaken in all patients who were hemodynamic ally stable during their hospital stay from the first day of extubation.
Linear regression analysis, the chi-square test, and Student's t-test were used for statistical evaluation and the results were expressed as the mean±SD. Chisquare testing was used to compare quantitative variables. The groups were compared using Student's t test (unpaired t-test) and the same individuals were compared by the paired t-test. Linear regression analysis was used for evaluating the relationship between the number of cigarettes consumed daily and the postoperative pulmonary complications. Statistical significance was accepted at the P≤0.05 level (confidence interval, 95%).
RESULTS
The general properties of the patients and a comparison of the percent values of preoperative pulmonary function tests according to the predicted values are presented in Table II .
Mean age was 59.0±6.1 and 59.6±5.8 and the female/male ratio was 19/98 and 40/56 in smokers and nonsmokers, respectively. The mean number of cigarettes consumed daily by smokers (group I) was 11.4±13.2 and the mean smoking period was 15.1±14.2 years. The preoperative PaO 2 , PaCO 2 and pH values were not significantly different between the smokers and nonsmokers, although the differences in PaO 2 and PaCO 2 between the groups were significant during the postoperation period. When compared with nonsmokers, the postoperative PaO 2 was significantly lower (P=0.0091) and post operative PaCO 2 was significantly higher (P<0.0001) in the smokers (Table III) . After the operation, arterial blood gas determinations indicated a significant decrease in arterial partial oxygen pressure (PaO 2 ) in both groups and a significant increase in arterial partial carbon dioxide pressure (PaCO 2 ) in the smokers (P<0.0001, for all) ( Table IV) .
The preoperative PFT measurements were higher in the nonsmoking group than the smokers but were not statistically significant, except for the values of VC, FVC, and mVC/pFVC (%). On the other hand, the postoperative PFT measurements were also higher in the nonsmoking group compared to the smokers. The differences were statistically significant, except for FMFT (Table III) .
The postoperative PFT values, except FMFT in groups 1 and 2 and FEV 1 / FVC (%) in group 2, decreased significantly in both groups (Table IV) .
The obstruction values (FEV 1 /FVC) in both groups were within normal limits and the difference between the two groups was not significant preoperatively (Table III) . However, in the postoperative period, although this value decreased in both groups, it remained in normal ranges in the nonsmokers and decreased significantly in the smokers only (P=0.0370) and was below normal limits (<75%) ( Table IV) . Also, when the two groups were compared postoperatively, a significant difference was obsorved (P=0.0110) between the groups (Table III) .
The restrictive values (mVC/pFVC) were both within normal limits before the operation, but there was a statistically significant difference between them, with the smokers at the lowest values of the normal limit (P=0.0008) (Table III) (It can be stated that a slight restrictive respiratory problem had already started to occur in the smokers). After the operation, this value decreased significantly for both groups (P<0.0001 for both) (Table IV) and the difference between the groups remained significant during the postoperative period (P<0.0001) ( Table  III) .
The mean duration of the intubation period, ICU stay, and hospital stay for groups 1 and 2 were significantly longer in the smokers (P<0.0001, P<0.0001, P=0.0013, respectively) ( Table Va) . Postoperative pulmonary complications developed in 20.5% and 10.5% of the cases in groups 1 and 2, respectively (Table  Vb) . Also, a positive correlation was observed between the number of cigarettes consumed daily and the postoperative pulmonary complications (P=0.0035, R=0.95) ( Table Vc) .
Similar results were obtained in male subjects in each group (Tables II, III , IV, Va, Vb). 
DISCUSSION
Arterial hypoxemia is not unusual following any major surgical procedure. Arterial blood gas analysis further assesses the adequacy of overall oxygen delivery, carbon dioxide removal, and acid-base balance. 12) Hypoxemia persisting through the first few days postoperation have been reported by several groups, 13, 8) but generally resolves in two to three weeks.
In our study, preoperative PaO 2 , PaCO 2 , and pH values were within acceptable limits in smokers and nonsmokers and the difference between the groups was not significant. On the other hand, postoperative PaO 2 values in both groups indicated moderate hypoxemia. The difference in postoperative PaO 2 values between the groups was significant, revealing that hypoxemia was more intense in the smokers following CABG surgery. Although mean PaCO 2 increased significantly after surgery in the smokers, it remained within acceptable limits; therefore, alveolar ventilation can be accepted as being normal in the early postoperative period in the smokers. However, a significant increase in the smokers warrants attention although no significant change occurred in nonsmokers.
Pulmonary impairment in the postoperative cardiac surgery patient has been reported previously. Particularly following thoraaic and abdominal operations, tidal volume, total lung capacity, functional residual capacity, and VC of the patients decrease considerably, while ciliary activity and diaphragmatic activity may decrease and pulmonary complications occur more frequently.
14,15) Howatt and co-workers 16) found a severe drop in VC on the first postoperative day, with a return to normal by three to eight months. Braun, et al 8) revealed that all static lung volumes decreased significantly in the postoperative period. Dull and Dull 17) observed decreases up to 50% in PFTs in some of their 49 patients 24 and 48 hours following CABG. It was concluded that after CABG, there was a significant worsening of pulmonary function. 13) In our study, the preoperative PFT measurements were lower in the smokers than in the nonsmoking group, however, the difference was not statistically significant, except for the values of VC, FVC and mVC/pFVC (%), which indicates the existence of slight restrictive respiratory problems in smokers preoperatively. On the other hand, the postoperative PFT measurements were significantly higher in the nonsmoking group compared to the smokers (Table III) . Postoperative deterioration in the smoking group was significantly greater than in the nonsmoking group. This agrees with results from other studies which examined the relationship between smoking and lung dysfunction.
It was reported that respiratory muscle weakness contributed to the immediate postoperative restrictive lung function loss. 18) In our study, patients in both groups developed a severe restrictive ventilatory defect after CABG surgery (P<0.0001 for both) (Table III) , and this restriction was significantly greater in the smoking group compared to the nonsmokers (P<0.0001) (Table IV) . These results suggest that the changes are related primarily to the altered mechanics of the chest wall induced by the surgery and anesthesia. In addition, this restrictive respiratory impairment was accompanied by a significant decrease in PaO 2 and increase in PaCO 2 .
Remove Smokers show an increase in bronchial reactivity compared with remove nonsmokers. 9) In our study, a significantly greater decrease in the FEV 1 / FVC ratio in the smokers was indicative of greater airway obstruction in the postoperation period. A statistically significant difference in the FEV 1 /FVC ratio between the groups was observed postoperatively although a significant difference was not found before the operation. This postoperative significant difference in the mokers compared to the nonsmokers may be the result of continuing increased bronchial reactivity in addition to decreased ciliary activity induced by the anesthesia.
Differences in postsurgical chest radiographs in smokers may be related to increased airway obstruction and mucous hypersecretion. 19) In 1983, Dull and Dull 17) reported a pulmonary complication rate of 77% in patients who underwent postoperative physiotherapy following CABG and valve surgery. Stiller, et al 20) revealed that the pulmonary complication incidence was 7.5% among patients who underwent CABG and then postoperative physiotherapy. Warner, et al 21) found that postoperative pulmonary complications occurred in a third of their current smokers and patients who had stopped smoking for 2 months or less had a pulmonary complication rate almost 4 times that of patients who had stopped for more than 2 months. Patients who had stopped smoking for more than 6 months had rates similar to those who had never smoked (11.1% and 11.9%, respectively). In another study by Kaul, et al postoperative pulmonary complications which developed in 7.7 per cent of the patients were more frequent in smokers and in those with preoperative pulmonary dysfunction (P<0.001); pneumonia and atelectasis were the most common postoperative pulmonary complications and the recovery of pulmonary functions was delayed in such patients. 22) Pulmonary complications are two to six-fold more prevalent in smokers than nonsmokers. 23, 24) In our investigation, postoperative pulmonary complications developed in 20.5% of the smokers and in 10.5% of the nonsmokers (Table Vb) . That is, smokers had a pulmonary complication rate almost double that of nonsmokers. Chest infection and pleural effusion were the most common pulmonary complications.
It was also revealed that there was a positive correlation (P=0.0035, R=0.95) between the number of cigarettes consumed daily and postoperative pulmonary complications, and these significant results indicated that the postoperative pul-Vol 44 No 1 monary complication incidence increased as the number of cigarettes consumed daily increased (Table Vc) .
As a result, we determined that the durations of the intubation, ICU stay, and hospitalization period for the smokers were all longer than the nonsmokers.
We also found that all of these changes and the differences between the smokers and nonsmokers were not due to gender because the results obtained in males were similar to those of the whole study popoulation (Tables II-V) .
The findings of the present study suggest that smoking causes more deterioration of volume and oxygenation impairment, which occur in the immediate postoperative period after CABG, than those in nonsmokers and our results are in accordance with those in the literature.
Conclusions:
The results of this study show that cigarette smoking affects pulmonary functions by causing obstructive type respiratory problems and a worsening of existing restrictive type respiratory problems postoperatively. The postoperative deterioration in blood gas measurements in the smokers was significantly greater than in the nonsmokers. Also, pulmonary complications in the smokers were double those in the nonsmokers, leading to a longer postoperative intubation period and ICU and hospital stays. These results were not due to gender but rather to the number of the cigarettes consumed daily.
It is concluded that preoperative evaluation of the pulmonary status of patients with a history of smoking who are scheduled for elective revascularization surgery is important, and that smoking cessation should be strongly encouraged performed preoperatively as early as possible in order to minimize postoperative respiratory complications.
